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$EVWUDFW7KH WKLUGERG\FRQFHSW LVDSUDJPDWLF WRROIRUDQDO\]LQJDQGXQGHUVWDQGLQJWKHIULFWLRQ





SDSHU LV WR JLYH D V\QWKHWLF YLHZ RI WKHVH FRQFHSWV ZKLFK LQYROYHV PHFKDQLFDO PDWHULDO DQG
SK\VLFRFKHPLFDO VXEMHFWV&RQFUHWHH[DPSOHVDQGFDVH VWXGLHV IURPYDULRXVSUDFWLFDODSSOLFDWLRQV
DUHJLYHQWRLOOXVWUDWHWKHYDOLGLW\DQGWKHHIILFLHQF\RIVXFKDSKHQRPHQRORJLFDODSSURDFK
,QWURGXFWLRQ
(QJLQHHUV KDYH WR VROYH IULFWLRQSUREOHPVEXW WKH\ DUHQRW DOZD\V HGXFDWHG DERXW LW7KHLUPDLQ
SUDFWLFDO SUREOHPV FDQ EH VXPPHG XS WR WZR IXQGDPHQWDO TXHVWLRQVZKLFK FRQWDFW PDWHULDO WR
FKRRVH":KLFK YDOXH RI IULFWLRQ FRHIILFLHQW WR FRQVLGHU"8QIRUWXQDWHO\ IULFWLRQ DQGZHDU DUH QRW
LQWULQVLF SURSHUWLHV EXW RQO\ XVH SURSHUWLHV GHSHQGLQJ RQ D PXOWLWXGH RI SDUDPHWHUV LQFOXGLQJ
PDWHULDOSURSHUWLHVRSHUDWLQJFRQGLWLRQVDQGLQWHUIDFLDOUKHRORJ\)XUWKHUPRUHDORWRILQWXLWLYHDQG
UHFHLYHGLGHDVLVRXWWKHUHVXFKDVWKHKDUGHULWLVWKHOHVVLWZHDUV7KHVPRRWKHULWLVWKHEHWWHULW
VOLGHV+LJK IULFWLRQ LQYROYHVKLJKZHDU6XFKFODLPVDUHRIWHQ MXVWLILHG LQSDUWLFXODUFDVHVEXW
WKH\DUHJHQHUDOL]HGWRRUDSLGO\DQGWKDQXVHGDVSRVWXODWHV
7KLVSDSHUVWDUWVZLWKDELWRIKLVWRU\IRUEULHIO\UHYLHZLQJWKHFODVVLFDODSSURDFKRIIULFWLRQDQG











ZKLFK PHDQV D FRHIILFLHQW RI SURSRUWLRQDOLW\ HTXDOV  +H DOVR REVHUYHG DQ XQH[SHFWHG
SKHQRPHQRQWKHIULFWLRQGXHWRWKHVDPHZHLJKWH[KLELWVWKHVDPHIULFWLRQHYHQLIWKHFRQWDFWKDV
GLIIHUHQW OHQJWKDQGZLGWKZKLFKLPSOLHV WKHLQGHSHQGHQFHRI WKHFRQWDFWDUHDIRUDVDPHQRUPDO
ORDG)LJD,IWKHILUVWODZLVTXHVWLRQDEOHWKHVHFRQGRQHLVUHODWLYHO\WUXH





LQ OLNH$PRQWRQVDQG ODWHU&RXORPE WKRXJKW WKDW WKHRULJLQRIIULFWLRQIRUFHUHVXOWHGIURP
WKH UHTXLUHG IRUFH WR UDLVH WKH DVSHULWLHV RI D VXUIDFH DERYH WKRVH RI WKH DQWDJRQLVW VXUIDFH +H
VLPXODWHG DVSHULW\ LQWHUDFWLRQV E\ VSKHUHV DQG IRXQG D WKHRUHWLFDO IRUPXOD LQGHSHQGHQW RI WKH
QXPEHU RI DVSHULWLHVZKLFKJLYHV DSSUR[LPDWHO\ LQ DJUHHPHQWZLWK WKH H[SHULPHQWDO UHVXOWV
)LJ E DQG F 8QIRUWXQDWHO\ WKLV DWWUDFWLYH DSSURDFK KDV QRZ VWURQJ HQHUJHWLFDOO\ DQG
H[SHULPHQWDO REMHFWLRQV VR DVSHULW\ LQWHUORFNLQJ LV QRW WKH PDLQ UHDVRQ IRU IULFWLRQ IRUFH
)XUWKHUPRUH WKH JUHDWPDWKHPDWLFLDQ/HRQKDUG(XOHU LQWURGXFHG LQ WKH FRQFHSWRI IULFWLRQ







'XULQJ WKH VDPHSHULRG LQ -RKQ7KHRSKLOXV'pVDJXOLHUV D)UHQFK+XJXHQRW VHHNLQJ LQ
*UHDW %ULWDLQ GLVFRYHUHG WKH SKHQRPHQRQ RI DGKHVLRQ RI VROLGV E\ PHDVXULQJ WKH WHQVLOH IRUFH
QHFHVVDU\WREUHDNWKHZHOGLQJVWLFNLQJRIWZRVSKHUHVRIOHDGLQLWLDOO\SUHVVHGWRJHWKHUVWURQJO\
)LQDOO\ WKH IDPRXV &KDUOHV $XJXVWLQ &RXORPE DIWHU D ODUJH VHULHV RI IULFWLRQ H[SHULPHQWV RQ
YDULRXVPHWDOVDQGZRRGVXQGHUGU\DQGOXEULFDWHGFRQGLWLRQVSURSRVHGLQDJHQHUDOIRUPXOD
IRUIULFWLRQZKLFKWDNHVLQWRDFFRXQWDSDUDPHWHUUHODWLYHWRWKHFRKHVLRQRIVXUIDFHVVRWKDWIULFWLRQ






RQ WKH UHDO FRQWDFWDUHD SURGXFHSORZLQJ FUXVKLQJDQG VSLQQLQJE\HODVWLFDQGSODVWLF
GHIRUPDWLRQV
 7KH VHFRQG VWDJH UHVXOWV IURP WKH LQWLPDWH FRQWDFW EHWZHHQ DWRPV DQG OHDGV WR WKH
IRUPDWLRQRIDQDGKHVLYHMXQFWLRQFROGZHOGLQJEHWZHHQDVSHULWLHV








RWKHU VROLG LQ FRQWDFW:HDUPHFKDQLVPV DUH FODVVLILHG FRQVLGHULQJ WKHPRGH RI VXUIDFH GDPDJH
REVHUYHG RQ ZRUQ VXUIDFHV VXFK DV DEUDVLRQ DGKHVLRQ VXUIDFH IDWLJXH GHODPLQDWLRQ





,Q VXPPDU\ WULERORJ\ LV VWLOO D \RXQJ VFLHQFH WKH ZRUG LWVHOI KDV OHVV WKDQ ILIW\ \HDUV >@
3UHGLFWLYH PRGHOV ZLWK DGYDQFHG PDWKHPDWLFDO IRUPDOLVP EDVHG RQ WKH WKUHH IXQGDPHQWDO
HTXDWLRQV RI PHFKDQLFV DUH XVHG IRU OXEULFDWLRQ SUREOHPV DQG FRQWDFW PHFKDQLFV EXW RQO\
GHVFULSWLYH PRGHOV EDVHG RQ WKH TXDVL XQOLPLWHG FRQFHSWV RI PDWHULDO VFLHQFH DUH DYDLODEOH IRU
IULFWLRQDQGZHDU
7KHWKLUGERG\FRQFHSW
7KH WKLUG ERG\ FRQFHSW LV D PHFKDQLFDO WUDQVSRVLWLRQ RI WKH OXEULFDWLRQ FRQFHSWV WR GU\ IULFWLRQ
LQWURGXFHG E\0DXULFH*RGHW LQ WKHPLGGOH RI WKH ¶V 7KH VRFDOOHG WKLUG ERG\ JDWKHUV DOO WKH











7KHLU DFFXPXODWLRQ FDQ SURGXFH D EHG RI SRZGHU ZKLFK VHSDUDWHV SDUWLDOO\ RU
FRPSOHWHO\WKHVXUIDFHVDQGUHGXFHVWKHVXUIDFHLQWHUDFWLRQV







:H FDQ VD\ WKDW ³D JRRG IULFWLRQ SDLU LV RQHZKLFK LVZLOOLQJ WR VDFULILFH LWV VXUIDFH WR VDYH LWV
YROXPH´
$SSOLFDWLRQWRIULFWLRQDQGZHDURIVWUXFWXUDOFHUDPLFV











FRQWDFW]RQHDVD UHVXOWRI UHF\FOHGGHEULVE\ WKH URWDWLQJ UROOHU7KLVSKDVHDOVR LQGLFDWHV
WKDWDGHEULVDFFXPXODWLRQFRUUHVSRQGVWRDULVHLQWKHIULFWLRQFRHIILFLHQW
 $ERYH  PV WKH ZHDU UDWH LQFUHDVHV DQG WKH IULFWLRQ FRHIILFLHQW GHFUHDVHV 7KLV IDFW
LQGLFDWHVDUHGXFWLRQRIORDGFDUU\LQJFDSDFLW\RIGHEULVDVDFRQVHTXHQFHRIWKHH[SXOVLRQRI
GHEULVIURPWKHFRQWDFW]RQH
 7KHFULWLFDO VSHHGRIPVFRUUHVSRQGV WR WKH OLPLWRIERWKSKDVHVRIDFFXPXODWLRQDQG
HOLPLQDWLRQ $FWXDOO\ LW¶V UHODWHG WR WKH FHQWULIXJDO DFWLRQ RI WKH URWDWLQJ UROOHU ZKLFK






7KHVHV UHVXOWV VKRZ WKDW WKH FRHIILFLHQW RI IULFWLRQ UHYHDOV WKH DPRXQW RI GHEULV O\LQJ LQ WKH
FRQWDFW ]RQH DQG WKHZHDU UDWH GHWHUPLQHV WKH GHEULV IORZPRYLQJ LQVLGH WKH FRQWDFW ]RQH 7KH
FRKHVLRQ DQG WKH UKHRORJ\ RI GHEULV LQIOXHQFH WKHZHDU EHKDYLRU ,Q WKLV VWXG\ZKHQ VPDOO IUHH
GHEULV IRUPV D EHG RI LQGLYLGXDO SDUWLFOHV WKH\ VHSDUDWH WKH VXUIDFHV DVVXPH D ORDGFDUU\LQJ
FDSDFLW\ DQG KDYH D SURWHFWLYH DVSHFW %XWZKHQ SDUWLFOHV IRUP ODUJH ILOPV DGKHUHQW WR WKHZRUQ
VXUIDFHVWKH\DUHXVXDOO\DVVRFLDWHGWRKLJKZHDUE\ODUJHJUDLQSXOORXWDVDUHVXOWRIDORZHUORDG
FDUU\LQJ FDSDFLW\ FRPSDUHG WR IUHH SDUWLFOHV ,IZHDUSDUWLFOHV DUH LQWHQWLRQDOO\ UHPRYHG IURP WKH
FRQWDFW]RQHZHWEUXVKLWLQGXFHVDGURSLQWKHIULFWLRQFRHIILFLHQWDQGLQSDUDOOHODTXLWHPDUNHG




PXVW EH EDODQFHG E\ D KHOSIXO DQG SUDJPDWLFPHWKRGRORJ\ WR GHVFULEH SUHFLVHO\ZHDU SURFHVVHV
7KUHH FRQFHSWXDO WRROV GHYHORSHGE\<YHV%HUWKLHU VLQFH WKHHQGRI WKH¶V DUHDYDLODEOH IRUD
EHWWHUXQGHUVWDQGLQJRI IULFWLRQSKHQRPHQDDQG LPSURYLQJSHUIRUPDQFHDQG UHOLDELOLW\RI UXEELQJ
FRQWDFWV
 7KHWULERORJLFDOWULSOHWZKLFKLVDPXOWLVFDOHGHVFULSWLRQRIWKHWULERV\VWHP
 7KH DFFRPPRGDWLRQ PHFKDQLVPV ZKLFK LGHQWLILHV WKH VLWHV DQG WKH PRGHV RI ORFDO
RSHUDWLQJPHFKDQLVPVWRDFKLHYHWKHGLVSODFHPHQW




 7KHZRUNLQJGHYLFH LPSRVHV WKHZRUNLQJFRQGLWLRQV WUDQVPLWV WKH ORDGDQG WKH VOLGLQJ
PRGH7KHPDLQSDUDPHWHULVKHUHWKHPHFKDQLVPVWLIIQHVV
 7KH FRQWDFWLQJ PDWHULDOV VXVWDLQ WKH ZRUNLQJ FRQGLWLRQV RI WKH GHYLFH UHDFW E\
PHFKDQLFDODQGFKHPLFDOFKDQJHV7KHHIIHFWRI WKHFRQWDFWJHRPHWU\DQGWKHQDWXUHRI
WKHFRQWDFWLQJPDWHULDOVDUHGRPLQDWLQJIDFWRUV





WKH ¶V ZKHUH  ODERUDWRULHV IURP  FRXQWULHV SHUIRUPHG WKH VDPH WHVW >@ 7KH DLP ZDV WR
H[SHULPHQW VWHHOVWHHO $,6,  VOLGLQJ RQ EDOORQGLVF FRQILJXUDWLRQ EDOO RI  PP LQ






7KH PDLQ UHDVRQ IRU D VR ODUJH VFDWWHU LQ WKH UHVXOWV LV WKDW QR VSHFLILFDWLRQV ZHUH GRQH
FRQVLGHULQJ WKH H[SHULPHQWDO GHYLFH 7KH GLIIHUHQW VWLIIQHVV RI WKH GHYLFHV FDQ H[SODLQ VXFK
GLVSHUVLRQ
6HFRQGWRROWKHDFFRPPRGDWLRQPHFKDQLVPV
7KH VHFRQG WRRO LGHQWLILHV KRZ WKH UHODWLYH GLVSODFHPHQW EHWZHHQ WKH WZR FRQWDFWLQJ VROLGV LV






















7KHPDWHULDOV FKRRVH WR ORFDOO\DFWLYDWH WKH VXLWDEOHDFFRPPRGDWLRQPHFKDQLVPDEOHRIVLGH
VWHSSLQJ WKH ORFNLQJ HIIHFW LPSRVHGE\ VXUIDFH DGKHVLRQ ,QGU\ IULFWLRQ VHYHUDOPHFKDQLVPVFDQ




LQ SDUWLFXODU DIWHU IUHWWLQJZHDU IULFWLRQ LQGXFHG E\ VPDOO GLVSODFHPHQWV XQGHU YLEUDWLQJ DFWLRQV
>@'LIIHUHQWPHFKDQLVPVKDYHEHHQSURSRVHG VXFKDV0HFKDQLFDO0L[LQJ/D\HU 00/+LJK
7HPSHUDWXUH 3KDVH 7UDQVIRUPDWLRQ 0DWHULDO +7370 DQG '\QDPLF &U\VWDOOL]DWLRQ ZKLFK


















$ FRPSHWLWLRQ HVWDEOLVKHV EHWZHHQ WKH ZHDU IORZ 4Z DQG WKH VRXUFH IORZ 4V 7KH PDVV












7KDW SURYHVZHDU IORZFRQWUROV VRXUFH IORZ0RUHRYHU DPLQLPXPDPRXQWRI WKLUGERG\0LWK LV
UHTXLUHG WR RSHUDWH HMHFWLRQ7KH VWHDG\ VWDWH LV UHDFKHGZKHQ WKHZHDU IORZEDODQFHV WKH VRXUFH
IORZ4Z 4VDQGWKHDPRXQW0LVWRIWKLUGERG\VWDELOL]HVEHWZHHQWKHUDQJHRI0LWKDQG0LPD[
)XWXUH SURJUHVV ZLOO HQVXUH E\ QXPHULFDO VLPXODWLRQ PHWKRGV ZLWK WKH SRVVLELOLW\ WR VWXG\
VHSDUDWHO\ LQWHUDFWLYH SDUDPHWHUV OLNH PHFKDQLFDO DQG DGKHVLYH LQWHUDFWLRQV EHWZHHQ VSKHUHV
'LVFUHWH(OHPHQW0HWKRG>@
,OOXVWUDWLQJDSSOLFDWLRQV
7KH ILUVW H[DPSOH UHSRUWHGKHUHFRQFHUQVZHDU WHVWVRIDUWLILFLDOKLS MRLQWV6XFK WHVWVDUHXVXDOO\
FDUULHGRXWZLWKVLPXODWRUVXVLQJDIOH[LRQH[WHQVLRQPRYHPHQWZLWKDVSHFLILF ORDGF\FOHZKHUH
WKH DSSOLHG ORDGZDV FKRVHQ DW 1 GXULQJ IOH[LRQ DQG DW 1 GXULQJ H[WHQVLRQZKLFK LV
UHSUHVHQWDWLYHRIDVWDLUVDVFHQW5HVXOWVUHSRUWHGKHUHZHUHSHUIRUPHGXVLQJIHPRUDOKHDGVPDGHRI
DOXPLQD RU ]LUFRQLD FHUDPLFV DQG FXSVPDGH RI SRO\HWK\OHQH 8+0:3( UXQ LQ GLVWLOOHG ZDWHU
GXULQJāF\FOHV>@
7KHIULFWLRQFRHIILFLHQWLVGLUHFWO\DFFRXQWIRUWKHLPSRVHGNLQHWLFDQGORDGF\FOHRIIOH[LRQDQG
H[WHQVLRQ DQG REVHUYDWLRQV RI WKH SRO\HWK\OHQH FXSV UHYHDO D FRQWDFW SDUWLWLRQLQJ LQ VSHFLILF
DFFRPPRGDWLRQ]RQHV)LJ
 7KH ILUVW ]RQH LV DW WKH EHJLQQLQJ RI WKH IOH[LRQ ZKHUH KLJK IULFWLRQ FRHIILFLHQWV ZHUH
UHFRUGHG DERXW  7KLV ]RQH ZDV FKDUDFWHUL]HG E\ DEUDVLYH ZHDU DVVRFLDWHG ZLWK
SHUPDQHQW GHIRUPDWLRQ ,W FRUUHVSRQGV WR WKH VRXUFH IORZ 4V DQG WKH DFFRPPRGDWLRQ
PHFKDQLVPZDVLGHQWLILHGDV60
 7KHLQWHUPHGLDWH]RQHSRODU]RQHLVLQSHUPDQHQWFRQWDFWZLWKWKHFHUDPLFKHDGGXULQJWKH
ZKROH WHVW GXUDWLRQ +HUH WKH FRHIILFLHQW RI IULFWLRQ LV ORZ DERXW  7KH SRO\PHU
UHPDLQV XQGDPDJHGEXW WKLQ VXSHUSRVHG OD\HUVRIGHEULVKDYHSURWHFWHG WKH LQLWLDO VXUIDFH
ZKHUH PDFKLQLQJ VWULDWLRQV FDQ VWLOO EH REVHUYHG EHQHDWK WKH GHEULV OD\HUV 7KLV ]RQH
FRUUHVSRQGVWRWKHLQWHUQDOIORZ4LDVVRFLDWHGWRDQ60DFFRPPRGDWLRQPHFKDQLVP
 7KH WKLUG ]RQH LVDW WKHEHJLQQLQJRI WKHH[WHQVLRQZKHUHKLJK IULFWLRQFRHIILFLHQWV DERXW








$ VHFRQG H[DPSOH LV UHIHUULQJ WR GULOO ELW LQVHUWPDGH RI FHPHQWHG FDUELGH VXFK DV:&ā&R
$OXPLQDZDV XVHG WR DFFHOHUDWH WKHZHDU NLQHWLFV FRPSDUHG WR URFN VDPSOHV >@:HDU NLQHWLFV
ZHUHHVWDEOLVKHGE\YLGHR UHFRUGLQJDQGPHFKDQLVPVRI WKLUGERG\IRUPDWLRQZHUHDQDO\VHG7KH
UROHRI WKHPHWDOOLFEOLQGHURIWKHFHPHQWHGFDUELGHZDVUHODWHGWRWKHVXUIDFHKDUGQHVVDQGWRWKH









HQKDQFH HQJLQH SHUIRUPDQFHV DFWLYH SDUW RI WKH SODQH LQYROYLQJ SURSXOVLYH DQG EUDNH V\VWHPV
7KHVHWZRFKDOOHQJHVDUHFORVHWRDSUHFLVHNQRZOHGJHRIVWUXFWXUDOPDWHULDOV&RPSRVLWHVPDWHULDOV
HQKDQFHG DOXPLQXPOLWKLXP RU WLWDQLXP DOOR\V DUH LQWHQVLYHO\ VWXGLHG IRU WKHLU LQWHUHVWLQJ
FRPSURPLVHEHWZHHQSHUIRUPDQFHVDQGGHQVLW\ZKLOHVWUHQJWKHQHGVXSHUDOOR\VDQGFHUDPLFVJLYH
ULVH WR KLJKHU ZRUNLQJ WHPSHUDWXUH DQG WKHQ KLJKHU SRZHUIXO WXUERHQJLQHV +RZHYHU VXUIDFHV
JHQHUDOO\ UHPDLQ WKH ZHDN SRLQW RI DOO PDWHULDOV VR IULFWLRQ DQG ZHDU RI QXPHURXV SDUWV FRXOG
UDSLGO\ DFKLHYH WR FULWLFDO VLWXDWLRQV EHFDXVH RI VHYHUH RSHUDWLQJ FRQGLWLRQV LQ WHUPV RI FRQWDFW
VWUHVVHV SHUPDQHQW YLEUDWLQJ HQYLURQPHQW SRRU OXEULFDWLQJ FRQGLWLRQV DQG ZLGH WHPSHUDWXUH
UDQJHV6XFKFRPSRQHQWVLQSDUWLFXODUIRUDVVHPEOLHVDQGVOLGLQJSDUWVXVXDOO\ZRUNDWWKHOLPLWVRI
LWVFDSDFLWLHVDQGDQ\FKDQJHFRXOGLQGXFHLPSRUWDQWDQGXQH[SHFWHGGDPDJHV
7KH YLEUDWLQJ HQYLURQPHQW FRXOG LQYROYH VHYHUH FRQVHTXHQFHVRQ IULFWLRQSDUWVE\ LQWURGXFLQJ
VPDOO GLVSODFHPHQW IUHWWLQJ SKHQRPHQRQ ZKLFK PXVW GLVUXSW WKH HTXLOLEULXP RI WKH GLIIHUHQW
SDUWLFOH IORZV OLNH VSXULRXV SDUWLFOH HMHFWLRQ« 0DQ\ VWXGLHV KDYH FRQVLGHUHG VXFK IUHWWLQJ
SKHQRPHQRQ EHFDXVH RI LWV PDMRU LPSRUWDQFH RQ VHFXULW\ HVSHFLDOO\ IRU WKH HQJDJLQJ ILUWUHH
EHWZHHQ WXUELQH GLVN DQG DVVRFLDWHG EODGHV > @ $FWXDOO\ VXFK GLVSODFHPHQWV FRXOG FDXVH
VHYHUH ZHDU DQG FRQWDFW LQVWDELOLWLHV 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